Introduction
Symmetry and asymmetry of Pc5 pulsations between dawn and dusk sides have been studied by many researchers.
01 ' (1963) studied the occurrence rate of Pc5 pulsations at 3 aurora! zone stations in Russia for 5 years from 1956 to 1960. The number of Pc5 occurrence during this period was 114 at Dixon Island (geomag. coordinates: 162.5°E, 63.4°N), 142 at Cape Chelyuskin (177.4°E, 66.7°N) , and 59 at Wellen (239.4°E, 62.4°N) , whereas the number of pulsations which occurred at the same time was 20 for Dixon Island and Cape Chelyuskin, and 7 for Cape Chelyuskin and Wellen. This result shows that simultaneous Pc5 pulsations are not commonly observed at longitudinally distant stations, and that the source of Pc5 pulsations should be localized.
The wave source of Pc5 pulsations is often attributed to the Kelvin-Helmholtz (K-H) instability caused by the velocity shear at the magnetopause between the magnetospheric plasma and the solar wind flowing from noon to both dawn and dusk sides (Atkinson and Watanabe, 1966; Southwood, 1968; Yumoto and Saito, 1980 ). The observational results described above, however, suggest that the K-H instability does not develop in the same manner on both sides of the magnetopause. Many observations have shown the dawn and dusk asymmetries (e.g., Yumoto et al., 1983; Kokubun et al., 1989) . Since the spiral structure of the IMF is more normal to the magnetopause on the morning side than that of the afternoon side, the instability criterion is more easily satisfied on the morning side than on the afternoon side (Lee and Olson, 1980) . However, some pulsations have been observed simultaneously at longitudinally distant stations. The cavity resonance excited by the pressure impulse of the solar wind is suggested for a source of global Pc4-5 pulsations. The pressure impulse of the solar wind excites poloidal oscillal 177 tions of the cavity between the magnetopause and the inner turning point and they may couple to the field line resonance. Baumjohann et al. (1984) showed that a pressure impulse of the solar wind can be a source of Pc 4-5 pulsations. Kivelson et al. (1984) suggested a model of a global compressional wave reflected at the gradient of the magnetic field and plasma density near the plasmapause, and explained compressional oscillations of nearly constant frequency observed by the ISEE-1 spacecraft from L ti 5 to 10 near local noon. Allan et al. (1986) carried out a numerical simulation on a hemi-cylindrical magnetospheric cavity, and showed the coupling of compressional cavity resonances to the corresponding field line resonances at positions where the cavity eigenperiods match the uncoupled field line eigenperiods. He also showed that a magnetopause impulse drives the field line resonances most efficiently for the azimuthal wave number jml -3. Kivelson and Southwood (1986) described the structure of global eigenmodes in the hydrodynamic box model of an inhomogeneous plasma, and showed the existence of the preferential resonances corresponding to global eigenmodes of the magnetospheric cavity.
In order to examine the symmetry and asymmetry of Pc5 pulsations between dawn and dusk sides, we analyzed high time resolution (10 sec sampled) data from two magnetometer networks in Scandinavia and North America. We found an exceptional Pc5 event with similar wave form in both dawn and dusk amoral latitudes. A detailed analysis is made by using data from the geosynchronous orbit and the interplanetary space.
Description of Data
Magnetometer networks of high time resolution were operated during the International Magnetospheric Study (IMS, 1977 (IMS, -1979 . Two data sets from the Scandinavian IMS Magnetometer Array (SMA, Kiippers et al., 1979) Table 1 , and the station distribution of SMA and NAMN is shown in Fig. 1 . At the SMA stations the deflections of three wire-suspended magnets of the Gough-Reitzel type magnetometers were optically recorded on 35 mm film. The exposure was made intermittently every 10 sec (20 sec at some of the stations). A magnetic resolution is approximately 2 nT. In this analysis, we used the data from 5 of the 36 stations after digitizing the traces on the film.
The NAMN consists of four chains, the Alaska chain, the Fort Churchill chain, the East-West chain, and the Mid-latitude chain. Outputs of flux-gate magnetometers were sampled digitally every 10 sec at each station. In this analysis, the data from the Mid-latitude chain are not used. College (COL) in the Alaska chain and at Island Lake (ISL) in the Fort Churchill chain, both of which are located at nearly the same geomagnetic latitude as KIR, were examined. Table 2 is a list of all the Pc5 pulsations that satisfy the criteria. Table 2 shows that Pc5 pulsations tend to occur successively for a few days. For example, they were observed successively on Sep. 25, 26, 27 , and 28. Geomagnetic activity was always high, when the pulsations were observed. The Kp index ranges from 30 to 6+. Most of the days when the pulsations occurred are classified into 'five most disturbed days'. There were no days which are classified into 'ten quietest days' in these 24 pulsation events. Table 2 also shows that the number of simultaneous occurrence is 9 of the 19 events for KIR and COL, and 2 of the 8 events for KIR and ISL. Therefore, Pc5 activity is localized longitudinally in most cases. This result from the high time resolution data sets of the SMA and NAMN is consistent with the result of 01 ' (1963) .
In order to examine whether the simultaneous events have similar wave characteristics at the longitudinally distant stations, amplitude, frequency, and wave form of the simultaneous 9 pulsations were compared. There was no similarity except one event. The quite different wave characteristics at KIR, COL, and ISL also show that Pc5 activity is localized longitudinally.
However, the Pc5 pulsation which occurred from 1500 to 1600 UT on Sep. 27 shows exceptionally similar wave characteristics at KIR and COL. This event is analyzed in detail in the next section. started suddenly at 1506 UT and once decayed after 3 cycles (cycle 1-3 in Fig. 2(a) ). It was enhanced again around 1526 UT, although the wave form of the first 2 cycles (cycle 4 and 5) is not clear at COL. Figure 2(b) shows the wave forms of the H-component observed at five low latitude stations. It is clearly seen that the oscillation appears coherently at each station, but the amplitude is larger at the dayside stations. The maximum peak-to-peak amplitude reaches 5-6 nT at San Juan. Although the D-component is not shown in the figure, the amplitude of the oscillation is much smaller than that of the H-component. Comparing wave forms of the H-component at San Juan, Bangui and Kiruna, we notice that there is almost one-to-one correspondence between the maximum and minimum of the amplitude observed at low and high latitudes. The worse correspondence of the cycle 4 and 5 at COL suggests that the global oscillation was superposed by a local disturbance in the early morning of the auroral latitudes. The cycle 8 at the low latitude stations seems to correspond to cycles 7 and 8 at KIR and COL.
The oscillation observed along the east-west chains is shown in Fig. 3 . The phase of the oscillation proceeds from west (GLO) to east (KIR and MUO) in Scandinavia in the evening. It proceeds from east (LYN) to west (FSP) in North America in the morning. Therefore, the wave seems to be propagated from noon to both dawn and dusk sides. The left-hand side of Fig. 4 shows that the absolute value of the cross correlation coefficient between KIR and the North American stations decreases from the maximum value (-0.769) at COL gradually toward the east but sharply toward the north. This indicates that the oscillation is confined to a narrow region in latitude. This is reasonable if we assume that the oscillation was caused by the field line resonance. Since it does not decrease so sharply to the south, the coefficient is expected to reach its maximum between COL (64.9°N geomag. lat.) and TLK (63.3°N). The point of the maximum coefficient in the longitudinal direction is not clear, since there are no stations to the west of COL. However, it would not be so far from COL. The right-hand side of Fig. 4 shows that in Scandinavia the coefficient decreases more sharply from KIR (65.1°N) to the south (HOP; 60.4°N) than to the north (MIK; 67.4°N). The correlation is fairly good in the east-west direction in Scandinavia.
We consider that similar pulsations were observed at COL, TLK, FSP, and FSM in North America, and KIR, MIK, GLO, MUO, and HOP in Scandinavia (the absolute values of the correlation coefficient at these stations axe larger than 0.5). In other words, the similar pulsation activity is excited to the south of 68°N geomagnetic latitude and in the geomagnetic local time from 4h MLT to 7h MLT and around 18h MLT.
The time lag between COL and FSP shows that COL (west) leads FSP (east) in the morning. This would be because COL is located at lower latitudes than FSP. The phase of the H-component depends on latitude strongly (Hughes and Southwood, 1976; Walker, 1980; Warnecke et al., 1990) . The time lag of the north-south chain in Scandinavia (the right-hand side of Fig. 4 ) also shows this tendency.
We calculated the azimuthal wave number mm from the lag time using the equation given by Olson and Rostoker (1978) and obtain rn. = 2.8 for Scandinavia and rn. = -2.1 for North America, respectively, where the positive number shows eastward propagation and the negative sign indicates that the signal is traveling westward.
Snapshot hodograms of polarization of the horizontal component from 1510 to 1515 UT are shown in Fig. 5 . The polarization in Scandinavia is clearly clockwise, and it is stable during the whole period of this event. In the Alaska chain the polarization is clearly counter-clockwise at the two southern stations (TLK and COL). It shows a linear or complex pattern at northern stations. In the Fort Churchill chain the polarization changes near BKC from counter-clockwise to clockwise as the latitude becomes high. It is almost linear at BKC. This reversal of the sense of polarization is consistent with the field line resonance theory. The theory shows that the sense of polarization in the northern part of the auroral zone is clockwise on the morning side and counter-clockwise on the afternoon side, and that it is reversed in the southern part of the auroral zone (Samson et al., 1971; Southwood, 1974; Chen and Hasegawa, 1974) .
Satellite observation
A middle panel of Fig. 6 shows the magnetic field observed by the GOES-2 and -3 geostationary satellites. Both satellites were located at 67.5° and 67.0° in the invariant latitude, and in the nearly same longitude as ISL and COL (8h and 4h MIT), respectively. Figure 6 shows that the Pc5 pulsation was not detected by the satellites in spite of almost the same longitude and L values of the ground stations. The calculated power spectra from the satellite data and the ground data do not show a similar peak. As Takahashi et al. (1992) indicated, we consider that an odd mode oscillation of the geomagnetic field line would be dominant in this event, since the oscillation did not appear at the equator. Figure 6 also shows the interplanetary data from the ISEE-3 satellite which was located upstream in the solar wind at (x, y, z) _ (212, -99,13) Re in the GSE coordinates. We estimate the delay time between ISEE-3 and the ground as 50 minutes by corresponding the variation of the dynamic pressure of the solar wind with that of the H-component of the normal-run magnetogram at a dayside equatorial station, Huancayo (HUA, top panel of Fig. 6) .
We shifted the plot of the ISEE-3 data taking into account of this 50 minutes delay in Fig. 6 . Since there is a sudden increase at 1506 UT in the H-component at HUA and the Hp-component (parallel component to the rotation axis of the earth) at GOES-2 and -3, it is reasonable to expect an increase of the dynamic pressure of the solar wind. Although there is a gap in the ISEE-3 data in the corresponding period from 1352 to 1419 UT, we interpret that the Pc5 activity after 1506 UT on the ground was generated by the increase of the solar wind velocity, density and dynamic pressure (indicated by an arrow at 1416 UT in Fig. 6 ). After 3 wave cycles the Pc5 activity on the ground once decayed, but it was enhanced again at 1526 UT. We consider that this enhancement was also attributed to the solar wind, because the ISEE-3 data show the corresponding increases in velocity, density and dynamic pressure (indicated by an arrow at 1436 UT in Fig. 6 ). The third increase of the dynamic pressure at 1445 UT also amplified the oscillation on the ground at 1535 UT.
Another delay time estimated from the solar wind velocity (-620 km/sec) and the distance between ISEE-3 and the magnetopause (10 Re from the center of the earth) is 35 minutes. However, we consider that the 50 minutes delay estimated from the data correspondence is more plausible. This can be explained by assuming the inclination of the front of the dynamic pressure increase in the solar wind as illustrated in Fig. 7 . The solid line shows the front of the pressure increase. The inclination angle, 39°, corresponds to 620 km/sec for the solar wind velocity. Two dashed lines indicate IMF directions averaged over 5 minutes before each pressure increase. It should be stressed here that the IMF was almost perpendicular to the usual Parker spiral during this period, and that the IMF was almost parallel to the assumed wave front. Another anomalous condition of the solar wind is that the flow velocity was high during this period (-.620 km/sec). Therefore, the interplanetary observation for this Pc5 event is characterized by the northward and anti-Parker structure of the IMF and the higher level of the background solar wind velocity than usual. Under these interplanetary circumstances this event was generated by the passage of the three successive increases of the dynamic pressure of the solar wind.
Interpretation and Discussion
We consider that the Pc5 pulsation under consideration was excited by the cavity resonance in the magnetosphere, which was originally initiated by the increases of the dynamic pressure of the solar wind. The followings are the reasons:
1. The oscillation was observed not only at the high latitude stations but also at the low latitude dayside stations.
The oscillation of the H-component appeared coherently at each station.
2. Similar wave form was observed on both dawn and dusk sides in auroral latitudes. This is interpreted as the field line resonance coupled with the magnetospheric cavity resonance. m = -2.1 in North America. These wave numbers correspond to the phase velocity 5.5 x 102 km/sec, and 7.4 x 102 km/sec at the magnetopause, respectively. These values are much larger than the solar wind velocity in the magnetosheath. Therefore, the K-H instability could not be the source. 4. Kivelson et al. (1984) showed that the discrete eigenperiods of the cavity resonance are given by 143(mi/mp)'/2 sec for n = 1 (radial wave number) and v = 1 (meridional wave number), 107(mi/mp)1/2 sec for n = 1, v = 2, 87.2(m,/mp)1/2 sec for n = 2, v = 1, and 71.2(mi/mp)1/2 sec for n = 2, v = 2, where m,/mp is the average ion mass in units of the proton mass. The power spectra of the H-component at KIR (Scandinavia), COL, FSP and FSM (North America) given in Fig. 8 show peaks at almost the same frequencies of 3.3, 4.7, 5.9 and 7.1 niHz. If we put m,/mp = 3.96, we obtain 3.5, 4.7, 5.8, and 7.0 mHz as the eigen frequencies which agree well with the observed frequencies.
5. The dynamic pressure increases of the solar wind were actually observed by ISEE-3 when the pulsation activity was initiated, although the increase (-10-9 N/m2) was smaller than increases due to interplanetary shocks by one order of magnitude.
Special magnetospheric conditions will be necessary in order to generate this peculiar Pc5 by the relatively small solar wind dynamic pressure increase. What we have found so far is a combination of the stably northward IMF, higher solar wind velocity (-620 km/sec) and the anti-Parker spiral structure. Although the first two conditions are not so rare, the anti-Parker spiral is unusual. As a result, probability of realizing the 3 conditions simultaneously will be very small. Kokubun et al. (1989) pointed out that azimuthal Pc5 pulsations have a higher occurrence rate when the Bz-component of the IMF is larger than -2 nT. However, it is not clear at present how the combination of these 3 conditions affected the magnetosphere. Yumoto et al. (1990) analyzed 4 global Pi2 pulsations and showed coherence between low and high latitude stations. They suggested that the Pi2 pulsations were generated by the compression accompanied with the substorm onset, which was propagated earthward from the night side. Owing to this compression, the magnetospheric cavity mode oscillation was excited in the inner region of the magnetosphere bounded by the plasma sheet during quiet geomagnetic conditions. The cavity mode oscillation was observed at low latitudes, and a forced field line oscillation stimulated by the cavity resonance was observed at high latitudes.
We consider that compression due to the dynamic pressure increase of the solar wind was propagated earthward from the day side magnetopause, and excited a cavity mode oscillation in the event under consideration. The cavity mode oscillation was coupled to the field line oscillation, and the large amplitude oscillation (2040 nT) was observed at high latitudes. The peak-to-peak amplitude of the oscillation at low latitudes is 5-6 nT in this case, which is much larger than that of Yumoto et al. (1990) (-1 nT) .
The H-component observed in auroral latitudes ( Fig. 2(a) ) shows that the Pc5 which started at 1506 UT was once decayed after 3 cycles and then activated again around 1526 UT. The low latitude records (Fig. 2(b) 6. Summary
The correspondence of Pc5 activity at longitudinally distant stations has been examined using the 10 sec sampled data from the Scandinavian IMS magnetometer array and the North American IMS magnetometer network. It is not common that Pc5 pulsations are observed simultaneously in both regions. Even if they are observed simultaneously, their amplitude, frequency, and wave form are generally quite different. Therefore, the source of Pc5 pulsations is generally localized.
The 15h UT, Sep. 27, 1978 event is very exceptional because this pulsation was observed both at College (COL) in the morning and Kiruna (KIR) in the evening with almost the same frequency and very similar wave form. The variations of the H-component at KIR and COL are out of phase. This phase difference corresponds to the opposite senses of polarization between KIR and COL. Spatial distribution of the polarization and amplitude agrees with the field line resonance theory. The coherent oscillation was also observed at the low latitude stations.
The data from ISEE-3 corresponding to this event show that the Bz-component of the IMF was positive and that the IMF was in the anti-Parker direction. The background solar wind velocity was high (ri620 km/sec). It is shown that the pulsation activity on the ground corresponds to the increases of the dynamic pressure of the solar wind.
We consider that the most likely source of this pulsation is the magnetospheric cavity resonance excited by the passage of the front of the higher pressure in the interplanetary space. The observed discrete frequencies agreed well with the Kivelson et al. (1984) 's calculation.
It is not clear why similar wave form was observed on both dawn and dusk sides only in this event, but we consider that it is related to the solar wind condition. Generally anti-Parker configuration of the IMF is very rare. Moreover, the IMF was kept northward for more than two hours before the onset of the pulsation only for this event among the events listed in Table 2 . Since the magnetosphere was quiet, the solar wind impulse might generate the coherent cavity oscillation effectively.
